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http:WHAT THIS PAPER ADDS
The present study is focused on the risk of stent graft malapposition after thoracic endovascular repair through
an objective and accurate assessment of proximal landing zone anatomy with particular reference to aortic
angulation.Objectives: The aim was to analyze the role played by anatomy and stent graft in the incidence of incomplete
apposition to aortic arch.
Methods: Between 2007 and 2014 data including available and suitable computed tomographic angiography
(CTA) imaging of patients who had undergone thoracic endovascular aortic repair were reviewed. The study
included 80 patients (65 men, 54  21 years) treated for traumatic aortic rupture (n ¼ 27), thoracic aortic
aneurysm (n ¼ 15), type B aortic dissection (n ¼ 24), penetrating aortic ulcer (n ¼ 5), intramural hematoma
(n ¼ 2), aorto-oesophageal ﬁstula (n ¼ 2), and aortic mural thrombus (n ¼ 5). Pre- and post-operative CTA
images were analyzed to characterize bird beak in terms of length and angle, and to calculate aortic angulation
within a 30 mm range at the proximal deployment zone.
Results: Bird beak conﬁguration was detected in 46 patients (57%): mean stent protrusion length was 16 mm
(range: 8e29 mm) and mean bird beak angle was 20 (range: 7e40). The bird beak effect was signiﬁcantly more
frequent after traumatic aortic rupture treatment (p ¼ .05) and in landing zone 2 (p ¼ .01). No inﬂuence of either
stent graft type or generation, or degree of oversizing was observed (p ¼ .29, p ¼ .28, p ¼ .81 respectively).
However, the mean aortic angle of patients with bird beak was higher in the Pro-form group than that in the
Zenith TX2 group (62 vs. 48, p ¼ .13). Multivariate analysis identiﬁed the aortic angle of the deployment zone
as the unique independent risk factor of malapposition (HR ¼ 1.05, 95% CI 1e1.10, p ¼ .005). The cutoff value of
51 was found to be predictive of bird beak occurrence with a sensitivity of 58% and a speciﬁcity of 85%.
Conclusions: Assessment of proximal landing zone morphology to avoid deployment zones generating an aortic
angle of over 50 can be recommended to improve aortic curvature apposition with the current available devices.
 2015 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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During the last decade, the indications for endovascular
thoracic aortic repair have been extended to different pa-
thologies and landing zones (LZs) along the aortic arch or
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//dx.doi.org/10.1016/j.ejvs.2015.04.018to the optimal LZ, whose quality and stability largely de-
termines the technical success of the procedure.1 These
developments have led to the concept of conformability,
which implies adequacy of contact between material and
LZ, independently of anatomic characteristics, taking into
account that LZ length can vary from brand to brand (15 to
20 mm). However, clinical experience has shown that in
terms of conformability the material has certain limits when
morphology is deﬁned as complex.
One of the manifestations of incompatibility between
stent graft and aorta is the bird beak (BB) effect, which can
38 M. Bouﬁ et al.be deﬁned as a gap between the aortic wall and the stent,
with stent protrusion into the aortic lumen of more than
5 mm.2 This conﬁguration may lead to severe hemodynamic
disturbances and lack of sealing, resulting in a risk of
migration, endoleak or stent graft collapse.3e6
Different hypotheses have been formulated regarding the
causes of BB, incriminating stiffness of stent and/or
accentuated arch curvature.7 However, these factors have
not yet been analyzed objectively.
The present study aims to analyze the different factors
favoring the occurrence of BB and in particular the rela-
tionship between this phenomenon and aortic anatomy.Figure 1. Schematic representation of aortic angle a calculation
within a 30-mm range at the proximal deployment zone. (A) Cross-
section view of the aorta located 15 mm along the centerline
above plane B. (B) Cross-section view showing the stent totally
apposed to the wall. (C) Cross-section view of the aorta located
15 mm along centerline below plane B.MATERIALS AND METHODS
Between January 2007 and November 2014 all patients
admitted for thoracic aortic pathology and treated with
stent graft were reviewed retrospectively. Data relating to
patient demographics, indication for repair, operative re-
ports, and outcomes were collected. Pre- and post-
operative computed tomographic angiography (CTA) im-
ages were re-evaluated according to the protocol outlined
below. Patients with unavailable and/or unsuitable post-
operative CTA, as well as those with follow up imaging
performed at other sites, were excluded.
All data and CT imaging were anonymized. Because of the
retrospective design and according to French law it is
neither necessary nor possible to obtain approval of an
ethical committee (in French CPP, for Comité de Protection
des Personnes) for this type of non-interventional study.
Moreover CPPs are not entitled to issue waivers of approval
for this type of study.Figure 2. Illustration of bird beak angulation q calculation on three-
dimensional reconstruction image. L ¼ the length of stent-graft
protrusion, l ¼ the longitudinal distance between the cross-
section view of the stent tip and the cross-section view of the
entire stent circumference apposed to the aortic wall.Imaging technique and analysis
All patients underwent CTA with a multidetector CT scanner
(Siemens Sensation 64 cardioscanner, Erlangen, Germany).
Axial image data were transferred to a workstation and
analyzed with dedicated vascular software (Endosize,
Therenva, Rennes-France).
A three dimensional (3D) aortic lumen centerline (CL) was
extracted automatically from the ascending aorta to the
celiac trunk and divided into four anatomical zones ac-
cording to the Ishimaru classiﬁcation.8 Matlab scripts were
developed to extract 3D coordinates (x, y, z) of each point
generated at 1 mm increments along the CL and to calculate
the aortic angle a at the proximal deployment zone. Be-
forehand, three reference planes (A, B, C) were deﬁned. All
of them were perpendicular to the CL at different levels:
plane B to the cross section view showing the stent totally
apposed to the wall, and planes A and C to the cross section
views located 15 mm along CL above and below plane B
respectively. The aortic angle a corresponds to the angle
between planes A and C within a 30 mm range (Fig. 1).
The pre-operative aortic angle was calculated after
locating the tip of the stent in relation to a ﬁxed anatomical
landmark on the post-operative CTA. This made it possible
to measure the proximal deployment zone angle at exactlythe same location pre- and post-operatively and thus to
obtain a comparison.
The importance of BB was characterized by length (L) and
angle (q). Whether covered or bare, L represented the
Risk Factor Analysis of Bird Beak Occurrence 39length of the stent unapposed to the aortic wall and q the
angle between the stent graft undersurface and the surface
of the lesser aortic curve (Fig. 2). Both were derived from l
and d as in the following formula:
q ¼ tan1

d
l

and L ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
d2þ l2
p
The distance l was measured on the CL as the longitudinal
distance between the cross section view of the stent tip and
the cross section view of the entire stent circumference
apposed to the aortic wall (Fig. 2). In the mathematical
hypothesis l measured on the CL is equivalent to that
measured on the inner line. In fact, mathematically l on the
CL is equal to l on the inner line to the nearest factor, taking
into account that this factor is negligible.
Distance d was measured as the distance between the
stent and the aortic wall on the cross section view
perpendicular to the CL showing the tip of the stent.
Anatomical evaluation of the proximal stent graft
deployment zone was based on the measurement of LZ
length, aortic diameter, and aortic angle a as described
above. Moreover, to investigate aortic wall quality at the
attachment zone, the degree of calciﬁcation was analyzed
and graded as follows: 0 ¼ absent (absence of calciﬁcation);
1 ¼ mild (< 25% of the aortic circumference);
2 ¼ moderate (25e50% of the circumference); 3 ¼ severe
(> 50% of the circumference).
Different variables were examined as potentially favoring
BB occurrence. They included ﬁrstly stent graft character-
istics, (1) type and generation, (2) diameter, (3) degree of
oversizing, and secondly anatomical evaluation of the
proximal landing zone, (4) diameter and length of LZ, (5)
degree of LZ calciﬁcation, (6) aortic angle a.
Patients
Of the 103 patients treated over the study period, 80 (65
men; mean age, 54  21 years, range 17e91 years) had
appropriate imaging for analysis. Patients were treated for
traumatic aortic rupture (TAoR) (n ¼ 27), thoracic aortic
aneurysm (TAA) (n ¼ 15), type B aortic dissection (n ¼ 24),
penetrating aortic ulcer (n ¼ 5), intramural hematoma
(n ¼ 2), aorto-oesophageal ﬁstula (n ¼ 2), and aortic mural
thrombus (n ¼ 5). The 23 patients who could not beTable 1. Distribution of pathologies according to stent grafts used.
Stent grafts TAoR (n ¼ 27)
N (%)
Type B A
(n ¼ 31)
N (%)
Zenith TX2 (n ¼ 14) 4 (15) 3 (9)
Pro-form (n ¼ 16) 8 (29) 3 (9)
Talent (n ¼ 9) 4 (15) 3 (9.5)
Valiant (n ¼ 37) 10 (37) 20 (64)
TAG (n ¼ 1) 0 1 (3)
C TAG (n ¼ 3) 1 (3) 1 (3)
Ao D ¼ aortic dissection; IH ¼ intramural hematoma; Others ¼ aort
aortic ulcer; TAoR ¼ traumatic aortic rupture.analyzed included those who died (n ¼ 16) before post-
operative CTA could be performed and those with unsuit-
able CTA (n ¼ 7) mainly related to inadequate arterial
opaciﬁcation, or an inadequate imaging protocol, which
precluded performing proper centerline calculation. These
patients had endovascular repair for TAoR (n ¼ 4), TAA
(n ¼ 14), aortic dissection (n ¼ 4) and aortic mural
thrombus (n ¼ 1).
The Ishimaru classiﬁcation8 was used to deﬁne proximal
stent grafts LZs: zone 0 (n ¼ 4), zone 1 (n ¼ 6), zone 2
(n ¼ 35), zone 3 (n ¼ 25), and zone 4 (n ¼ 10). Debranching
procedures were undertaken in 29 cases (36%). No peri-
scope technique was performed. The chimney approach
was used in two patients treated in zones 0 and 4: in the
brachiocephalic trunk in the ﬁrst case and in the superior
mesenteric artery after celiac trunk embolization in the
second.
Statistical analysis
Data were expressed as mean  standard deviation for
continuous variables and as frequencies and percentages
for categorical variables. Comparison of continuous vari-
ables was performed using the Student t test or the Manne
Whitney U test as appropriate, whereas for categorical
variables the chi-square or Fisher exact tests were used.
All factors examined were subjected to univariate anal-
ysis. Those associated with BB (p < .05) in univariate
analysis, as well as those demonstrated in the literature to
be relevant, were included in the multivariate logistic
models. Odds ratios (ORs) were presented with 95% con-
ﬁdence intervals to evaluate the strength of association
between the variable and occurrence of BB. Models were
tested for goodness of ﬁt. A receiver-operating curve (ROC)
analysis was used to determine the cut off values of the
signiﬁcant factors and to evaluate the adequacy of these
factors in predicting BB risk. All statistical analyses were
performed using IBM SPSS Statistics version 20 (IBM SPSS
Inc., Chicago, IL, USA). All the tests were two sided. Sta-
tistical signiﬁcance was deﬁned as p < .05.
RESULTS
Clinical outcomes
Six different types of stent grafts were used: Talent, Valiant
(Medtronic vascular, SANTA Rosa, CA, USA) (n ¼ 9, n ¼ 37),o D/PAU/IH TAA (n ¼ 15)
N (%)
Others (n ¼ 7)
N (%)
4 (26) 3 (43)
3 (20) 2 (28)
2 (13) 0
6 (40) 1 (14)
0 0
0 1 (14)
ic mural thrombus, aorto-oesophageal ﬁstula; PAU ¼ penetrating
Table 2. Univariate analysis of predictive factors of bird beak occurrence.
Variable Bird beak No bird beak p
Age  40 years (n, %) 18 (39) 5 (14) .01
Pathologies (n,%): .05
TAoR 21(46) 6 (18)
type B Ao D/ PAU/IH 15 (33) 16 (47)
TAA 6 (13) 9 (26.5)
others 4 (9) 3 (9)
Landing zone (n, %) .01
0 1 (2) 3 (9)
1 2 (4) 4 (12)
2 25 (54) 10 (29)
3 16 (35) 9 (27)
4 2 (4) 8 (24)
SG type (n,%): .29
Zenith 10 (22) 4 (12)
Pro-form 8 (17) 8 (24)
Talent 5 (11) 4 (12)
Valiant 22 (48) 15 (44)
TAG 1 (2) 0
C-TAG 0 3 (9)
SG generation (n,%): .28
1st 16 (35) 8 (24)
2nd 30 (65) 26 (77)
Bare versus covered proximal sent .80
Bare (n, %) 27 (59) 19 (56)
Covered (n, %) 19 (41) 15 (44)
SG diameter (mm) 29  6 33  7 .02
Oversizing degree (%) 13  10 12  8 .81
Proximal neck diameter (mm) 26  5 30  6 .02
Proximal neck length (mm) 31  21 22  12 .03
Calciﬁcation degree .26
0 30 (65) 17 (50)
1 13 (28) 15 (44)
2 3 (6.5) 1 (3)
3 0 1 (3)
Pre-operative aortic angulation of the
deployment zone ()
57  18 37  20 <.001
Post-operative aortic angulation of the
deployment zone ()
55  18 36  19 <.001
Ao D ¼ aortic dissection; IH ¼ intramural hematoma; Others ¼ aortic mural thrombus, aorto-oesophageal ﬁstula; PAU ¼ penetrating
aortic ulcer; SG ¼ stent graft. TAoR ¼ traumatic aortic rupture.
40 M. Bouﬁ et al.ZenithTX1/TX2, Pro-form TX2 (Cook Inc., Bloomington, IN,
USA) (n ¼ 14, n ¼ 16), and TAG, CTAG (W.L. Gore & As-
sociates, Flagstaff, AZ, USA) (n ¼ 1, n ¼ 3). They included
two generations: ﬁrst, Talent, Zenith, and TAG; second,
Valiant, Pro-form, and CTAG. Table 1 shows the pathology
distribution according to stent grafts used.
Primary endoleak was observed in eight patients (10%):
six type I (7.5%), of whom three had BB, and two type II
(2.5%). Over a mean 35 month follow up (range: 3e118
months), secondary endoleak was detected in two patients,
both type I (2.5%) with no BB. No endotension was
observed in the TAA group. Patients successfully treated in
this group had an aneurysm sac that decreased by 54%
(n ¼ 7) and remained stable in 31% (n ¼ 4). Among the
eight type I endoleaks, one resolved spontaneously and one
could not be treated because the patient was unsuitable for
high risk surgery. Six were successfully treated, including thethree with BB. In two cases stent graft extension alone was
required; in three stent graft extension was associated with
complete supra-aortic trunk rerouting and in one coil
embolization was performed.
Retrograde dissection was detected in two patients,
neither of whom had BB.
All patients with stent graft malapposition were moni-
tored with duplex scan during the ﬁrst 2 year follow up to
ensure absence of visceral or lower limb malperfusion.Bird beak characterization
BB was detected in 46 patients (57%) with a mean stent
protrusion length L of 16 mm (range: 8e29 mm) and a
mean BB angle of 20 (range: 7e40). This conﬁguration
was signiﬁcantly more frequent after thoracic endovascular
aortic repair (TEVAR) for TAoR than after TEVAR for the
Table 3. Risk factor of bird beak occurrence (multivariate analysis).
Variables OR 95% CI p
Aortic angulation of the deployment zone 1.05 1e1.10 .005
SG diameter 1.01 0.92e1.11 .76
Oversizing degree 0.99 0.94e1.5 .89
Proximal LZ length 0.98 0.95e1.02 .43
CI ¼ conﬁdence interval; OR ¼ odds ratio; SG ¼ stent graft.
Figure 3. Receiver operating characteristic curve for the aortic
angle a within a 30-mm range at the proximal deployment zone.
Risk Factor Analysis of Bird Beak Occurrence 41other pathologies (p ¼ .05). Regarding the LZ, the BB effect
was observed in 71% (n ¼ 25) of the cases when the stent
graft was deployed in zone 2, which appears to be the most
favorable zone for this phenomenon (p ¼ .01) (Table 2).
Subgroup analysis based on age revealed that in LZ2 young
patients were more likely to have BB. Indeed among young
patients, 14 out of 15 had BB, whereas among the over 40s
only 11 out of 18 had it (p ¼ .02). No BB was found in the
two patients treated using the chimney technique.
Surprisingly, incomplete stent graft apposition did not
appear to be associated with endoleak, since the rate of BB
in type I endoleak patients was 37% (n ¼ 3/8), compared
with 56% (n ¼ 43/72) in those without type I endoleak
(p ¼ .27). This can perhaps be explained by the relatively
lengthy proximal landing zones in patients with BB and no
type I endoleak (21  12 mm).
No clinical or hemodynamic signs of organ malperfusion
were observed during follow up, nor was any stent graft
collapse detected through imaging control.
Analysis of factors favoring bird beak
Two types of factors were studied in the univariate analysis:
those related to the stent graft and those related to the
anatomy of the proximal LZ.
Analysis of the BB conﬁguration frequency according to
stent graft used showed no signiﬁcant association with
either type or generation of stent graft (p ¼ .29, p ¼ .28,
respectively).
The proximal stent, whether bare or covered, had no
inﬂuence on the risk of stent graft malapposition (p ¼ .80).
In contrast, the stent graft diameter was signiﬁcantly
smaller in the BB group than in the no BB group (p ¼ .02).
No statistical difference was noted in the mean degree of
oversizing in the groups with or without BB (p ¼ .81)
(Table 2). It was nevertheless the case that the mean de-
gree of oversizing was less important in patients with
smaller stent grafts than in those with stent grafts > 29 mm
(11% vs. 14%, p ¼ .04).
Assessment of anatomic parameters of the proximal
deployment zone in terms of diameter and length showed
that patients with BB had signiﬁcantly smaller neck diam-
eter (26  5 mm vs. 30  6 mm, p ¼ .02) and longer LZs
(31  21 mm vs. 22  12 mm, p ¼ .03).
Moreover, both the pre- and post-operative aortic angle
a appeared to be predictive of BB, since the mean aortic
angle was respectively 57  18 and 55  18 mm in the BB
group compared with 37  20 and 36  19 mm in the no
BB group (p  .001) (Table 2). Importantly, analysis of the
aortic angle before and after stent graft deployment
revealed that it was comparable (47 vs. 46, p ¼ .49).A higher incidence of malapposition was found in young
patients ( 40 years) than in those over 40 (p ¼ .01). This
can be explained by the difference in aortic morphology
between the two groups as the mean aortic angle was
signiﬁcantly higher in patients  40 years (67  12 vs. 38
 17, p < .001).
In the same way, to better understand the underlying
relationship between BB and TAoR, advanced analysis with
adjustment for age and aortic angle was performed. This
model did not bring to light any association with pathology,
but rather revealed the signiﬁcant correlation between
aortic angle and BB (p ¼ .003, OR ¼ 1.06, 95% CI 1e1.11),
again highlighting the crucial importance of deployment
zone morphology. Indeed mean aortic angle in the TAoR
group was 63  13 compared to 38  18 for the other
pathologies (p < .001).
Regarding degree of calciﬁcation at the attachment zone,
no association with the occurrence of BB was noted
(p ¼ .26).
Multivariate analysis identiﬁed the aortic angle a as the
unique independent risk factor for BB conﬁguration
(OR ¼ 1.05, 95% CI 1e1.10, p ¼ .005) (Table 3). The ROC
curve analysis for aortic angle a revealed an area under the
curve (AUC) of 0.75 (95% CI: 0.65e0.85; SE: 0.05) with a cut
off value of 51 for aortic angle a predicting stent graft
malapposition (sensitivity: 58%, speciﬁcity: 85%) (Fig. 3).
Subgroup analysis of aortic angle a according to the main
stent grafts used in patients developing BB showed that the
mean post-operative angle was higher in the Pro-form
group than in the Zenith TX2 group (62 vs. 48, p ¼ .13).
Conversely for Valiant and Talent (53 vs. 64, p ¼ .24) the
difference was less perceptible and in favor of ﬁrst gener-
ation stent grafts.
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Factors thought to be at the origin of the BB effect are
twofold: those related to anatomy and those related to the
stent graft. While device characteristics have been exten-
sively researched with regard to BB risk and have led to the
development of new stent designs and improvements in
stent graft conformability; the role of anatomy remains less
well known.
Different methods have been advanced to evaluate the
aortic anatomy, based on calculation of curvature radius,
tortuosity index, or aortic angulation.3,9e11 The latter ap-
pears more representative of the local anatomy.
In this study the anatomy of the proximal LZ was char-
acterized in terms of diameter, length, and angulation. The
approach to aortic angle calculation took into account the
different directions in which the aorta can be angulated and
used mathematical algorithms allowing a local measure-
ment around the apposition zone.
To ensure exact evaluation of deployment zone angula-
tion, initially post-operative rather than pre-operative CTA
was used because the planned deployment zone is not al-
ways strictly respected during the procedure. However the
aortic angle can be modiﬁed by stent deployment and
consequently the predictive value of this angle based on
post-operative CTA may not be entirely reliable, which is
why both pre- and post-operative angles were calculated.
The interesting ﬁnding was that stent graft deployment did
not modify apposition site angle. This was unexpected given
the relative stiffness of the material, which should have
induced enlargement of the above mentioned angle
The correlation found in univariate analysis between BB
and young patients, and between BB and TAoR was not
intrinsically related to age or pathology, but to tapered
aortic curves. Indeed, on the one hand aortic angulation
was signiﬁcantly higher in patients  40 as well as in TAoR
group and, on the other logistic regression analysis
including age, pathology and aortic angle, revealed the
angle as the unique factor signiﬁcantly associated with BB.
Using other criteria to describe anatomy, Alberta et al.12
pinpointed the difference between the pathologies, and
conﬁrmed that a trauma population had a narrower aortic
arch than patients treated for aneurysm.
Regarding the role played by the stent graft, while global
analysis showed no difference in BB incidence between
different stent graft types and generations, subgroup anal-
ysis revealed a different tendency, suggesting that the Pro-
form delivery system tends to improve conformability by
adapting to more severe anatomies, which is in line with
the Lee et al. study.9
The Zenith Alpha stent grafts were not used because they
were unavailable in the department. This low proﬁle device
is one of the newest endografts designed to overcome
vascular access issues and also to improve conformability
thanks to the new trigger wire release system. However, the
Zenith TX2 low proﬁle trial results are pending.
Stent grafts with proximal bare stents are theoretically
designed to ensure an active conformation by reducingcompression of the sealing stent. The results here showed
no difference in BB incidence between devices with or
without a bare stent component, bearing in mind the fact
that only one bare stent brand: Medtronic was used.
The inﬂuence of oversizing in the occurrence of BB re-
mains unclear. While the correlation between degree of
oversizing and radial force exerted by the stent graft in the
sealing zone is well known, the Prasad et al.13 study
demonstrated the oversizing impact on stent graft stability
through a 40% improvement in proximal contact area in the
15% oversized group compared with the 10% group. Thus
one can postulate that conjunction of  10% oversizing and
severe aortic angle could favor stent graft malapposition.
Similarly to this study, Kotelis et al.14 showed that oversizing
was not associated with the occurrence of BB. However,
their 6.9% mean stent graft oversizing and the steeper arch
found in the BB group may corroborate the above
mentioned theory.
Both clinical3 and experimental studies6 agreed that
adverse clinical events secondary to BB (stent graft collapse,
migration, endoleak) were correlated with stent graft pro-
trusion length. Pasta et al.6 concluded that a 2 cm long BB
led to hemodynamic disturbances. In the present study,
only 17% of patients had more than 2 cm protrusion length,
which probably explains the discordance between the high
rate of BB and the low rate of clinical events.
The deﬁnition of malapposition used in the literature and
in this study covers any stent graft protrusion of more than
5 mm into the aortic lumen. In light of the Pasta et al.6
study, this deﬁnition should perhaps be revised to include
only those of more than 2 cm.
Another issue not discussed in the literature is the risk of
endotension associated with BB. As documented in previ-
ous series, thoracic aorta pulsatility results in variations in
aortic diameter between systole and diastole. The lack of
stent graft apposition may, in such conditions, accentuate
the risk of intermittent type I endoleak and thus lead to
endotension. This could not be veriﬁed in the present study
where no endotension was noted, perhaps due to the
relatively limited size of the TAA group. Further investiga-
tion on a larger population would be useful to better
address this question.
In this series, all patients with type I endoleak and BB
were systematically treated. For the others with only BB, no
treatment was performed as long as they did not suffer
from malperfusion syndrome. This attitude is in line with
that proposed by other authors9 who do not advise pro-
phylactic treatment but recommend close surveillance.
Practical recommendations that can be drawn from the
present study to prevent BB include proper selection of
proximal LZ by considering not only length and diameter
but also aortic angulation. With aortic angulation over 50
the stent graft should be deployed distal to the bend if
there is adequate length for sealing, or sufﬁciently proximal
to it if not, given that some bird beaking (less than 2 cm
long) can be tolerated in view of the low adverse risk.
Besides this and irrespective of the stent graft used, it is
generally accepted that where feasible for better
Risk Factor Analysis of Bird Beak Occurrence 43accommodation to the aortic arch, a safe and appropriate
deployment method following the outer rather than the
inner, is recommended.
A variety of endostaples designed to procure transmural
apposition and radial ﬁxation are being used to repair type I
endoleaks or stent graft migrations, and some authors15
have also proposed these devices, in particular the
thoracic HeliFx securement system, to treat BB. However,
aortic neck calciﬁcation and a gap of over 2 mm between
the aortic wall and the stent graft can be a limitation of the
technique.
The limitations of the present study are related ﬁrstly to
the fact that not all the stent grafts available on the market
were used. Secondly, in the mathematical hypothesis, the
distance l measured on the CL was assimilated to the one
along the lesser curve, which could have minimally biased
calculation of BB angle and length. Finally, statistical sub-
group analysis comparing stent graft to treated pathology
was not feasible due to the relatively limited size of each
group.
CONCLUSION
This study demonstrates that anatomy is the main
contributing factor to the occurrence of BB. To ensure a
better conformation of stent graft to aortic curvature, the
most appropriate proximal LZ should not only be one that
enables the lengthiest proximal neck but also the least
angulated deployment zone, that is < 50.
These results show that progress in stent graft deploy-
ment mechanisms, as in the case of the Pro-form, also tend
to improve apposition to aortic curvature, bearing in mind
that only two brands, Cook and Medtronic, and no newer
devices were used.
Further study of a larger population is needed to conﬁrm
these results and to validate the cut off value of aortic
angulation favoring device malapposition.
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